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' 0ON after my firſt l eflays of ali lieh powers Win the 

Newtonian teleſcope; I began to doubt whether an opinion 
| which has been entertained by ſeveral eminent authors; . that 
e viſion will grow indiſtinct, when the optic pencils are leſs 
than the 40th or 5oth part of an inch,“ would hold good in 
all caſes. To judge according to ſo rigid a eriterion, I per- 
ceived that I was not intitled to ſee diſtinctly with a power 
much more than about 320, in a 7: feet teleſcope which bore 
an aperture of 6, 4 inches; whereas in many experiments on 
double ſtars J found myſelf very well pleaſed with magnifiers 
that far exceeded ſuch narrow limits. This induced me, as it 
were, by way of apology to myſelf, for ſeeing well where I 
ought to have ſeen leſs diſtinctly, to make a few experiments 
on the ſubject of the diameter of optic pencils. It occurred to 
me, that an opinion which limits them to any given ſize can- 
not be ſupported by theory, w which does not determine on ſub- 
jects of this nature, but muſt be decided, like many other 
phyſical queſtions relating to matters of fact, by careful expe- 
riments made upon the ſubject. The way, therefore, to come 
at truth, in a caſe which ſeemed to me of conſiderable im- 


portance, lay ftill open to me, as it had done to former ob- 
| ſervers ; 


= 4 Dr. Hxnschzl“s Experiments 
ſervers; and I thought myſelf authoriſed, according to a Car- 


tefian maxim ( Dubia eriam pro falſit habenda ), to ſuppoſe, for 
a while, the ſize of optic e nn for diſtinct viſion, 


intirely undecided. 
I.! firſt. opportunity I had 4 making the e experi- 
ments was in the year 1778, and the reſult of them proved ſo 
deciſive that J have never ſince reſumed the ſubject; and had it 
not been for a late converſation with ſome of my highly 
eſteemed and learned friends, I might probably have left the 
papers, on which thefe experiments were recorded, among the 
reſt of thoſe that are laid afide when they have afforded me the 
information I want. But a doubt ſeeming fill to be enter- 
tained on the ſubject of the ſmallneſs of the optie pencils, it 
may now be proper for me to communicate theſe experiments, 
that it may appear how far the concluſions I have drawn. from 
them are A al the N on > which 15 ſyopoſe them to 
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a. I. Ty a very ohio late. of braſs 1 made a minute 
hole with the fine point of a needle; its magnified diameter, 
very accurately meaſured under a double microſcope, 1 found 
to be „465 of an inch, while under the ſame apparatus a line 
of ,o5 in length gave a magnified image of 3,545 inches. 
Hence I concluded, that the real diameter of the perforation 
was about the 152d part of an inch. Through this ſmall 
opening, held cloſe to the eye, I could very diſtinctly read any 
printed letters on which J made the trial. Proper allowance. 
muſt be made for the very inconvenient fituation of the eye, 


which by the unuſual cloſeneſs to the paper cannot be expected 
to 


f en the Dianpternof Optic 1 Fei. 7 
to ce with its. common facility. Beſides, the eontinual me- 
tion of. the. letters, which | is requ wed on accoynt of the ſmall- g 
neſs. of the fied. of View, myſt needs take up a canſiderable_ 
ame. 
Exp. 2. In ſome ather pieces of braſs 1 made 1 holes 
and among many, that were meaſured , with, the ſame accuracy 8 
as in the f former experiment, I found, one; whoſe magnified dia- 
meter. was 29; oY hence the real diameter could not exceed the 
244th part of ap. inch. Through this opening I. could alſo 
read the ſame letters; but the difficulty of managing ſo as not 
to intercept all the incident light, as Well as the very uneaſy 
ſituation of the eye, were ſufficient, reaſons. for not carrying the 
intended experiments any further under this form. | Beſides, * 
ſhould hardly have allowed them to be fair, if, on à further 
contraction of the hole in the braſs plate, an indiſtinctneſs had 
come on; as We might. well have ſuſpected at leaſt two other 
cauſes, beſides tlie ſmalineſs of the pencils, to contribute to 
ſuch an imperfection; vis. want of light, and a deflection of: ' 


on the ee au of the hole. 


ebe e  Microſeopic Ebi; 2 

Exp. 3. I had now recourſe to a double microſcope, conſiſt- 
ing, for ſimplicity's ſake, of only two lenſes. = focal 
length of the eye-glaſs, carefully aſcertained by an object half 
a mile off, being 9; the diſtance of the object-glaſs from the 
eye-glaſs 9,36; and the aperture of the object-glaſs ,0405. 
Hence we compute that the diameter of the optic pencil, when 
it entered the eye, could not exceed the 232d part of an inch; 
yet with this conſtruction I ſaw very diſtinctly every _— T- 
placed under the TOP. | 


4 D ET 8 Experiment 


Exp. 4. 1 reduced the aperture of the object -glaſs to ,01 25 "5 
hence the pencil was found to be the 724th part of an inch Ks: 
and yet I ſaw with this conſtruction very Wine every object 
that was placed under the magnifier. 

Exp. 5. made a ſecond reduction of the aperture of che 
object · glaſs, fo that now it was no more than ,0052 3 and 
therefore the optic pencil leſs than tlie r80oth part of an inch; : 
and yet I could very well count the briſtles” on the edge of the 

wing of a fly, and diſtinguiſh their length and thickneſs. 

Exp. 6. Changing the conſtruction of the microſcope, 1 
now reduced the pencils by an increaſe of power. Solar focus 
of the eye-glaſs „52; diſtance between the object- -glaſs, and : 
eye- glaſs 7,6; aperture the ſame as in the third experiment. 

This gave me a pencil of the 3 36th part of e an inch, with | 
which I ſaw very diftin&ly. 2 2 | 

Exp. 7. Applying now the edule ; aperture of the Buick 
experiment, I had a pencil of the 11 39th your of an inch, with | 
Which I ſaw very well, _ 

lt Exp. 8. I changed the eye lens for another of ;x 71 focal 
length; the object. glaſs and diſtance between the two lenſes 
remaining as in the two laſt experiments; aperture ,02. This 
gave a pencil of the 2173d part of an inch, with which 1 
could count, or rather ſucceſſively ſee, the briſtles before- men- 
tioned very well; the field, on account of the great power, 
not taking in more than two large and a ſmall one at a time. 
Exp. 9. I was now convinced, that we may. ſee diſtinctly 
with pencils incomparably leſs than the 40th or 5oth part of an 
inch; and indeed ſo far from expecting any obſtruction to 
diſtinct viſion from the ſmallneſs of the pencils, it appeared 
to me now as if their ſize might in future be intirely left out 
of the account. With a view, however, of ſeeing what other 
cauſe 
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on the Diameter of Optic Pencil. 
cauſe might bring on that indiſtinctneſs which had been aſcribed 
to the ſmallneſs of the optic pencils, I continued theſe expe- 
riments with a variation in the apparatus, and uſed now an 
object lens of a different focal length ; ; the aperture and other 
particulars being as in the 4th experiment. By this conſtruc- 
tion, which gave me a pencil of the 724th part of an inch, I 
could ſee objects very well; but though they appeared diſtinctly, 
they were not ſo ſharp ou the edges as one would with to ſee 
them. This being compared with the 4th experiment, it ap- 
peared that, with equal pencils, unequal degrees of diſtinctneſs 
may take place; and a pretty ſtriking circumſtance, which ſerved 
to lead me in the following experiments, was, that the ſmalleſt - 
power gave me the leaſt diſtinct image; notwithſtanding, from 
former trials, the goodneſs of the lenſes I employes could not 
be doubted. EY 
Exp. 10 On an examination of circumſtances it occurred to 
me, as indeed J had already before ſurmiſed, that a certain 
proportion of aperture . might be neceflary to a given focal 
length of arr obje&-lens or fpeculum ; ; and that a failure in this 
point might probably bring on that indiſtinctneſs which had 
been aſcribed to the ſmallneſs of the pencils... In order, there- 
fore, to put this to a trial, I uſed now an object- lens of 1,25. 
focal length, with an aperture confined to ,o1 ; the reſt of the 
apparatus being as in the 3d, 4th, and 5th experiments. The 
pencil in this caſe was about the 1000dth part of an inch; 
and though by a different conſtruction I had already ſeen very 
well with a pencil of not half that diameter, I found this to 
give me, as now I had reaſon to expect, a very indiſtin&t 
picture, ſo much fo indeed, that it could hardly be called a 
repreſentation of the object. | 
Exp. 
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Exp. 11. Increaſing the aperture of the ohject- . 0134. 
I had a pencil of the. 7 58th part of an inch, but could ſee no 


better with it. 


Exp. 12. Proceeding i in the track now a out to me, 1 5 | 
mitted an aperture of ,o17, which gave a pencil of the 5 roth 
part of an inch, but could ſee not much better with it than 


before. 


Exp. 13. On a F 3 of the S to 0231, 


- * 


and a pencil of the 406th part of an inch, I ſaw a little better; 


but ſtill had not diſtinctneſs enough even to ſee the briſtles 


before-mentioned at all. Hence we may conclude, that, in 


ſuch conſtructions as the preſent one, the aperture of the obicet- 


glaſs muſt: bear a conſiderable proportion to its focal length; 


ſince the 54th part (for o: 1, 25 :: 1: 54) i is here not 


nearly ſufficient. 


Exp. 14. To the ſame apparatus I applied. a higher power, ; 
by an exchange of the eye-glaſs ; but the indiſtinctneſs re- 


mained as before. 
Exp. 15. Returning again to the former conſtruction, J ad- 


mitted an aperture of about ,037 ; and having now a pencil of 


nearly the 25oth part of an inch, I could but juſt perceive ſome _ 


of the large briſtles, which ſhews that even the 34th part (for 
37 125 * 


the preſent. 


| I : 34) of the focal length 1 is not a ſufficient 
aperture for object · len ſes that act under ſweh circumſtances as 


So far I have only related ments that were made in the 
year 1778; and my opinion that the ſmallneſs of the optic 


pencils could be no objection to ſeeing well being thus ſup- 


ported by evident facts, I heſitated not, in a Paper on the 
Parallax of the Fixed Stars (Phil. Tranſ. vol. LXXII. p. 96.) 


to affirm, that we might ſee diſtinly with pencils much 
ſmaller 
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ſtraller than the 40th ot 46th part of an inch. It did not ap- 
pear to be neceſfary, nor would the ſubject of that Paper per- 
mit me to enter into a detail of expetiments; but having, in 
the courſe of my reading about that time, met with an account 
of ſome very finall globules made for microſcopic uſes, I con- 
tented myſelf with an inſtance of ſmall pencils taken from 
chern. I ſhall, however, now proceed juſt to hint at a few - 
inferences that may be drawn A theſe related experiments; 
as, upon a mature confideration, we may find reaſon to be- 
eve they point out a cauſe of indiſtinctneſs of viſion hitherts 
never noticed by optical writers; ind Which, when properly 
inveſtigated, cannot but influence, and in ſome reſpects con- 
tribute to the improvement of, our theories in optics. For, 
admitting that every obje-glats or ſpeculum, whoſe aperture 
bears leſs than a certain ratio to its focal length, will begin to 
give an indiſtinct picture, it will follow, that while former 
opticians have been endeavouring to diminiſh the aberrations 
ariſing from the ſpherical figure, and the different refrangibility 
of rays, by increaſing the focal tength, they have been unaware 
of expoſing themſelves to the conſequences of the cauſe of 
indiſtinctneſs here pointed dut. And till its influence ſhall be 
well aſcertained and brought to a proper theoty, we muſt ſuſ- 
| . pet-that ſuch tables as thoſe which are given in our beſt 
authors of optics, pointing out an aperture of leſs than 6 
inches for a glaſs of 120 feet focal length (or a ratio of 1 to 
240) muſt be far from having that degree of perfection which 
may vet be obtained. No wonder that teleſcopes, made ac- 
cording to theories or tables, where one of the cauſes of in- 
diſtinctneſs is unſuſpected, and therefore left out of the account, 
can bear no ſmaller pencil than the 40th or 5oth part of an 


inch! If then, on one hand, by increaſing our apertures we 
| Certainly 


. & 
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41 to . what cg on the 1 we a IO by 8 
lefſening them too much. | | 


As ſoon as convenient, 1 intend „ to ſha 7 this 


ſubject, in order to obtain proper data for ſubrnitting this cauſe 


of optical imperfection to theory; at preſent my engagement 


with the work of a 40- feet reflector will hardly permit ſo 
5 much leiſure; and till I ſhall have repeated, extended, and 


varied theſe experimental inveſtigations, I would with them to 
be looked upon as mere hints that may afford matter for future 


difquiſitions to the theoretical optician. 


